Background The long-term clinical issue in Kawasaki disease (KD) concerns the coronary artery lesion. Two-dimen-
We have reported that 60% of patients with a coronary aneurysm demonstrated regression of the aneurysm by follow-up coronary angiography within 1 or 2 years after the acute illness; however, the mechanism and outcome of the regression of the aneurysms are uncertain.23 The long-term clinical issue in KD concerns the coronary artery lesions, which involve aneurysm forma-tion, thrombotic occlusion, progression to ischemic heart disease, and premature atherosclerosis. Two-dimensional echocardiography and selective coronary angiography are standard methods to evaluate coronary artery lesions; however, these are limited to assessment of wall morphology. Recent progress in intravascular ultrasonic technology now allows real-time tomographic imaging of the vascular structures and pathological lesions in vivo. Many reports of intravascular ultrasound imaging (IVUS) on the coronary artery in adults with and without ischemic heart disease have appeared recently.4-12 However, no data are available on IVUS on the coronary artery in KD and in children.
Methods
Patients IVUS was performed during cardiac catheterization in 20 patients, including 12 patients in follow-up after KD and another 8 patients with congenital heart disease and normal coronary arteries. The patients' profiles are shown in Table 1 .
Children after KD. The children after KD involved 8 boys and 2 girls who had had coronary aneurysms in the acute stage of the illness evaluated by both two-dimensional echocardiog- 
Intravascular Ultrasound Imaging
The sheath was placed in the femoral artery, and then a 7F or 8F right or left Judkins large-lumen guiding catheter with a 0.14-in angioplasty guide wire was advanced into the coronary ostium. After this guide wire was withdrawn, an ultrasound imaging catheter with a 30-MHz transducer (CVIS Inc, Sunnyvale, Calif) at its tip was advanced over another, finer (0.014-in) guide wire through the guiding catheter into the necessary coronary portion to record the coronary artery lesion. The size of the ultrasound imaging catheter was 4.3F or SF. The intracoronary ultrasound image was displayed on a fluoroscope. The coronary arteries were imaged through the guiding catheter by angiography to determine the location of the tip of the IVUS catheter in the vessel. The IVUS images were recorded onto a videotape (S-VHS). Also, the images of the important coronary lesions were recorded on Polaroid photographic paper by a printer machine. We evaluated the structure and the lumen size at 65 sites in the coronary arteries of patients with KD (the 5 sites of coronary artery aneurysms, 22 sites of regressed aneurysms, and 38 sites of angiographically normal coronary arteries by IVUS). The findings in patients with KD were then compared with those of the 25 sites in a normal coronary artery of patients with congenital heart disease.
Analysis of the Wall Morphology
The coronary wall morphology of the control subjects and of the patients with KD was evaluated by measuring the maximal thickness of several characteristic features of the vessel wall or the echogenicity of the wall structures. The thickness of the intima was measured with an electric cursor. The distance from the lumen-vessel wall interface to the intima-media interface was measured as the width of the intima at the site with three distinct vessel layers of the coronary artery (Fig 1) . The 
Results

Clinical Observations
Six patients with coronary aneurysms after KD continued to take aspirin (5 mg/kg per day), whereas the 4 patients with regressed coronary aneurysms and the 2 patients with no coronary abnormal lesion after KD were not administered any drug. No ControL The 25 sites in the coronary arteries of the children with congenital heart disease and a normal coronary artery with no history of KD demonstrated a symmetrical lumen and a smooth homogeneous wall appearance without three layers (Fig 2) .
KD with angiographically normal coronary artery. The 10 sites in the angiographically normal coronary artery of the children with a history of KD and no coronary abnormal lesions in the acute stage also demonstrated no thickening of the intima and no measurable three layers (Fig 2) .
KD with persistent coronary aneurysms. The 4 sites in the coronary aneurysms of the children with a history of KD demonstrated a dilated symmetrical lumen by a weak echo in the IVUS with no thrombus and no calcification (Fig 3) . The images of these sites showed a homogeneous wall appearance with no evidence of three layers and no intimal thickening. It was not possible to measure the width of the intima. The one site in the coronary aneurysms with calcification demonstrated an asymmetrical lumen by a heterogeneous strong echo with acoustic shadows and demonstrated an irregular wall appearance and asymmetrical thickening of intima by a heterogeneous dense echo (Fig 4) .
KD with regressed coronary aneurysms. The 7 sites in the regressed coronary aneurysms of the children with a history of KD demonstrated an asymmetrical marked thickening of the intima by a homogeneous dense echo and demonstrated a symmetrical lumen with no calcification and no atheroma by a weak echo in the IVUS (Fig 5, panel 5 aneurysms in the patients after KD. The 9 sites of angiographically normal coronary arteries near the aneurysms in children with a history of KD also demonstrated a mild thickening of the intima with three layers (Fig 5, panel 4) . The other 19 sites of the angiographically normal coronary arteries far from the coronary aneurysms or regressed aneurysms in children with a history of KD demonstrated no thickening of the intima and no measurable three layers (Fig 5, panel 3) .
Severity of Intimal Thickness
The sites in each group were classified as one of four grades as shown in Table 2 . The width of the intima at the 4 sites of coronary aneurysms that was unmeasurable with no evidence of three layers was graded as 0. 
Coronary Lumen Measurements
We measured the vascular dimensions at a total of 43 sites in the coronary artery, comprising 5 sites with congenital heart disease, 3 sites with coronary aneurysms, 15 sites with a regressed aneurysm, and 20 sites of an angiographically normal coronary artery in KD. The diameters measured by coronary angiography were quite similar to the ultrasound diameters (r-.989) (Fig 6, left) .
In the regressed aneurysms in patients after KD, the coronary lumen diameters were almost the same as those at the sites of an angiographically normal coronary artery near a regressed aneurysm in the same patients (r=.995) (Fig 6, right) .
Discussion
The long-term clinical issues in KD concern the coronary artery lesions and involve aneurysmal formation, thrombotic occlusion, progression to ischemic heart disease, and premature atherosclerosis. However, the long-term pathology of the coronary artery remains uncertain at the present time. Recently, IVUS, a new technology to assess the wall morphology of the vessels, has been performed in vivo or in vitro to evaluate coronary artery lesions in adults.4-12 However, no data are available on the coronary artery in children or in KD. In this study, IVUS was performed in children after KD to seek new insights in this regard. Several reports regarding IVUS findings from a normal coronary artery in adults have appeared recently 9,10'12,13 However, no information is available on children. In the normal coronary artery in adults, many investigators have reported that IVUS revealed a threelayered appearance with a bright inner ring, a middle echo-lucent zone, and an outer bright ring. Here, we studied the coronary arteries of children with congenital heart disease and normal coronary arteries as a control group. Unlike in adults, the normal coronary artery in childhood demonstrated no three-layer appearance and a less bright inner ring. There was no apparent middle echo-lucent zone (Fig 2) . This suggested that the threelayer appearance in IVUS may develop with aging to adulthood. The intimal layer was classified as abnormal if the coronary artery demonstrated a three-layered appearance in our study.
IVUS at a regressed coronary aneurysm or at a portion of an angiographically normal coronary artery in KD with an abnormal coronary lesion is shown in Fig  5. The portion of the regressed coronary aneurysm demonstrated marked thickening of the intima, but the lumen size was similar to that at sites near a regressed aneurysm that was an angiographically normal coronary artery (Fig 6, right) . We have reported that more than half of coronary aneurysms had regressed within a few years from the onset of disease and demonstrated an angiographically normal coronary artery at follow-up.1-3 However, histological examinations demonstrated a marked intimal thickening that may be caused by the proliferation of smooth muscle cells of the media, which in turn makes the artery appear to be of normal size. '4 In this study, we also recognized a marked thickening of the intima in vivo. The width of asymmetrical intimal thickening at the 7 sites of a regressed coronary aneurysm was significantly greater than the symmetrical intimal thickening at the 15 sites of regressed coronary aneurysm. The site of the asymmetrical intimal thick- We have reported that an abnormal coronary artery or regressed coronary aneurysm after KD demonstrated poor distensibility by infusion of isosorbide dinitrate in angiography and had become stiff.19 IVUS has the ability not only to observe the structure of the coronary artery vessels but also to measure an intraluminal diameter directly in real time and to know the distensibility of the coronary artery. Thus, IVUS may be useful to evaluate not only the morphological changes of a coronary artery but also functional changes.
In conclusion, IVUS is very useful to evaluate the coronary artery wall morphology and function and may contribute to the assessment of long-term coronary artery sequelae and any development of arteriosclerotic changes in KD.
